A Gram-stain-negative, aerobic, coccoid to small rod-shaped bacterium, designated X1 
, with the name not yet validly published. Members of the genus Cupriavidus have been isolated from diverse ecological environments such as soil, water, pond sediment, legume nodules, volcanic mudflow deposits and human clinical sources. A variety of physiological functions have been found in the members of the genus Cupriavidus, for example, Cupriavidus taiwanensis can nodulate different legume species (da Silva et al., 2012) ; some species possess plant-growth-promotion characteristics, such as secretion of indole acetic acid and siderophores and solubilization of phosphate (Pongsilp et al., 2012; Yu et al. 2011; Estrada-de Los Santos et al., 2012) ; Cupriavidus pampae and C. numazuensis have been reported to degrade organic pollutants such as 4-(2,4-dichlorophenoxy)butyric acid (2,4-DB) and trichloroethylene (Cuadrado et al., 2010; Kageyama et al., 2005) . During the screen of pesticide-degradating bacteria, a chlorpyrifosdegrading bacterial strain, designated X1 T , was obtained. In this study, the exact taxonomic status of strain X1
T was determined by using a polyphasic taxonomic approach.
Strain X1
T was isolated from a sludge sample collected from the vicinity of a pesticide manufacturer in Nantong, Jiangsu Province, China, by enrichment culture and the dilutionplate method, on mineral salt medium supplemented with chlorpyrifos as the sole carbon source (Wang et al., 2014) . Strain X1
T was picked out and purified by several streakings onto the same medium. The type strains of species closely related to strain X1
T were used as reference strains under the same conditions for comparative taxonomic analysis, including C. taiwanensis LMG 19424 T , C. alkaliphilus LMG 26294 T , C. necator LMG 8453 T and Cupriavidus gilardii LMG 5886
T from the BCCM/LMG Bacteria Collection, Laboratorium voor Microbiologie, Gent, Belgium, and the proposed type strain 'C. yeoncheonense' KCTC 42053 from the Korean Collection for Type Cultures (KCTC).
Cell morphology was observed by transmission electron microscope (HT-7700; Hitachi) using cells grown in LuriaBertani (LB) medium (Bertani, 1951) at 30 C for 20 h. The Gram reaction was determined by the standard Gram staining method. Motility was established by the hanging-drop method. The presence of gliding motility was investigated as described by Bernardet et al. (2002) . Growth in LB medium was assessed at different temperatures (4, 15, 20, 30, 37 and 42 C), at various pH values (pH 5.0-10.0 at intervals of 1.0 pH unit), and with different NaCl concentrations (0, 0.5, 1, 1.5, 2.0, 2.5 and 3.0 % (w/v) NaCl) after 48 h of incubation. Catalase activity was examined by bubble production after the application of 3 % (v/v) H 2 O 2 solution to isolated colonies. Oxidase activity was examined using oxidase reagent (bioM erieux) according to the manufacturer's instructions. Voges-Proskauer and methyl red reactions, hydrolysis of starch, Tween 20 and Tween 80 were performed as described by L anyí (1987) . Antibiotic susceptibility was examined on LB agar using different antibiotic discs (6.35 mm in diameter), containing penicillin G (10 µg), streptomycin (10 µg), amoxicillin (20 µg) and cefalexin (30 µg). Antibiotic susceptibility was indicated if a clear inhibition zone around the discs was observed and resistance was indicated if no inhibition zone was found after incubation for 3 days at 30 C. Resistance to heavy metals was examined on BSE agar (Estrada-De Los Santos et al., 2001) Genomic DNA of strain X1
T was extracted using the Mericon DNA bacteria kit (Qiagen). The presence of nifH and nodA genes was examined with primers IGK/NDR-1 and nodAB1/ nodAB2 (Estrada-de Los Santos et al., 2014) . The 16S rRNA gene of strain X1
T was amplified by PCR with the eubacterial universal primers 27F and 1492R (Lane, 1991) . The PCR product was purified and directly sequenced using the primers 27F and 1492R on a sequencer (ABI 3730; Applied Biosystems). The 16S rRNA gene sequence of strain X1
T was identified using the EzTaxon-e server (http://www.ezbiocloud.net/ eztaxon; Kim et al., 2012) . The 16S rRNA gene sequences of closely related species of the genus Cupriavidus were obtained from the GenBank/EMBL/DDBJ database. Multiple alignments were made using the CLUSTAL X program (Thompson et al., 1997) . Evolutionary distances were calculated by distance options with the Kimura two-parameter model (Kimura, 1980) . Phylogenetic trees were reconstructed using a variety of different methods: the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) , minimum-evolution (Rzhetsky & Nei, 1992) and maximum-parsimony (Fitch, 1971 ) algorithms within MEGA software (version 5.0) (Tamura et al., 2011) . Bootstrap values were determined based on 1000 replications. DNA-DNA hybridization was conducted using the liquid renaturation rate method as described by De Ley et al. (1970) with a Lambda 35 UV/Vis spectrometer. DNA-DNA hybridization between strain X1 T and C. alkaliphilus LMG 26294
T was further performed with photobiotin-labelled probes in microplate wells as described by Ezaki et al. (1989) and Cleenwerck et al. (2002) at LMG (Laboratorium voor Microbiologie, Gent, Belgium) with four replications. Reciprocal experiments were also performed. With the value showing the largest difference being eliminated, the remaining three closest values were used to calculate the mean. The DNA G+C content of strain X1 T was determined as described by Mesbah et al. (1989) via reversedphase HPLC (1200; Agilent).
For fatty acid analysis, strain X1
T and the reference strains were incubateded on LB agar at 30 C for 2 days. The fatty acids were extracted and prepared according to the protocol of Miller (1982) with minor modifications from Kuykendall et al. (1988) . Analysis of the fatty acids was performed by GC (6890N; Agilent) according to the Sherlock Microbial Identification System (MIS; MIDI). Cellular fatty acids were identified using the TSBA40 database of the MIDI system. The determination of respiratory quinones by HPLC and polar lipids by two-dimensional TLC was carried out by the Identification Service, DSMZ (Braunschweig, Germany). The freeze-dried cell biomass used for the analysis of polar lipids and quinones was produced from cultures grown for 2 days at 30 C in LB broth. Respiratory quinones and polar lipids of strain X1
T and related strains were extracted from 100 mg freeze-dried culture and analysed as described by Tindall (1990 a, b) and Tindall et al. (2007) , respectively.
Colonies of strain X1
T were pale, convex, circular and opaque with entire edges and a diameter of 0.5-1.0 mm after 48 h of incubation at 30 C on LB agar. Cells of strain X1
T were Gram-stain-negative and aerobic. Most of the cells were coccoid, a small amount of cells were short rods, and the size of cells of strain X1 T was 1.3-1.5 µmÂ1.3-2.4 µm after 20 h of incubation at 30 C on LB agar (Fig. S1 , available in the online Supplementary Material). Gliding motility was observed. Strain X1
T was able to grow at 20-42 C and pH 6.0-9.0. Growth of strain X1
T occurred with 0-2 % (w/v) NaCl in LB medium, but was inhibited in the presence of 3 % (w/v) NaCl. Strain X1
T could not grow in nitrogen-free medium, and nifH and nodA genes were not found. Strain X1
T was resistant to penicillin G, streptomycin and amoxicillin. Strain X1
T could grow on BSE agar containing 0.01-0.1 mg copper ml À1 , 0.01-0.1 mg cobalt ml À1 and 0.01-0.1 mg zinc ml À1 , respectively, and was able to tolerate 0.04 % phenol. Differential phenotypic and biochemical characteristics between strain X1
T and closely related strains are shown in Table 1 .
An almost complete 16S rRNA gene sequence of strain X1 T (1405 bp) was obtained. Phylogenetic analysis showed that strain X1
T represented a member of the genus Cupriavidus. Comparative 16S rRNA gene sequence analysis revealed that strain X1
T had a high degree of similarity (>97 %) with other type species of the genus Cupriavidus, which was a general feature among species of the genus Cupriavidus as reported by Estrada-de los Santos et al. (2012) . Strain X1 T had the highest sequence similarities to the type strain C. taiwanensis LMG 19424 T (99.1 %), followed by C. alkaliphilus LMG 26294 T (98.9 %), C. gilardii LMG 5886 T (98.2 %), C. necator LMG 8453 T (98.1 %) and 'C. yeoncheonense' KCTC 42053 (98.1 %). Phylogenetic analysis based on the neighbourjoining tree showed that strain X1
T formed a subcluster with C. taiwanensis LMG 19424 T and C. alkaliphilus LMG 26294 T with 75 % and 69 % bootstrap support, respectively (Fig. 1) . A similar subcluster was also found in a variety of phylogenetic trees based on maximum-likelihood and minimumevolution methods. The results from phylogenetic analysis based on 16S rRNA gene sequence comparisons indicated that strain X1 T had the closest relationship with C. taiwanensis LMG 19424 T and C. alkaliphilus LMG 26294
T . Based on a high degree of similarity in the genus Cupriavidus and the reports on a threshold for DNA-DNA hybridization that 16S rRNA gene sequence similarity of more than 98.7 % (Stackebrandt & Ebers, 2006) T and C. alkaliphilus LMG 26294 T was 60.5 ±0.6 % (reciprocal value, 49.9±0.9 %). These DNA-DNA hybridization values are below the standard threshold value of 70 % commonly accepted for species delineation (Wayne et al., 1987) , indicating that strain X1 T represents a separate species. The DNA G+C content of strain X1 T was 66.6 ±0.5 mol% (in duplicate), which was consistent with the DNA G+C content range of the genus Cupriavidus reported as 63-69 mol% (Vandamme & Coenye, 2004) .
The predominant cellular fatty acids (>10 %) of strain X1 T were C 16 : 0 (28.9 %), C 16 : 1 !7c and/or iso-C 15 : 0 2-OH (summed feature 3; 27.9 %), C 18 : 1 !7c (18.4 %) and C 17 : 0 cyclo (11.0 %). This fatty acids profile was similar to those of other related species of the genus Cupriavidus analysed in parallel under the same conditions in the present study (Table S1 , available in the online Supplementary Material).
The differences in cellular fatty acid profiles between strain X1 T and the reference strains were found in the minor components. The major respiratory quinone for strain X1 T was ubiquinone Q-8 (94 %), and small amounts of ubiquinone Q-7 (6 %) were also present. The polar lipid analysis of strain X1 T and the most closely related species of the genus Cupriavidus was performed by two-dimensional TLC. The polar lipid profile of strain X1 T , similar to that of C. taiwanensis LMG 19424 T , contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, aminophospholipid, phospholipid and hydroxyphosphatidylethanolamine (Fig. S2 ). The differences in the polar lipid profiles between strain X1 T and C. alkaliphilus LMG 26294 T lay in a small amount of lipids, such as the existence of aminophospholipid, and the absence of aminolipid and lipid in strain X1 T . In addition, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, aminophospholipid and phospholipid as main components of polar lipids in members of the genus Cupriavidus were also found in previous reports by Estradade los Santos et al. (2012) and Singh et al. (2015) .
Based on morphological, physiological and biochemical characteristics, phylogenetic analysis, DNA-DNA hybridization and chemotaxonomic investigations, strain X1 T is proposed to represent a novel species of the genus Cupriavidus, for which the name Cupriavidus nantongensis sp. nov. is proposed. ; 6, 'C. yeoncheonense' KCTC 42053. All data are from this study unless indicated. All strains are negative for nitrite reduction, Voges-Proskauer, methyl red test, H 2 S production, D-glucose fermentation, arginine dihydrolase, urease, and hydrolysis of aesculin, gelatin and starch. All strains are not susceptible to penicillin G (10 µg) and streptomycin (10 µg), but susceptible to cefalexin (30 µg). All strains are resistant to 0.01 mg cobalt ml À1 , 0.01-mg copper ml À1 and 0.01-0.1 mg zinc ml Description of Cupriavidus nantongensis sp. nov.
Cupriavidus nantongensis (nan.tong.en¢sis. N.L. masc. adj. nantongensis referring to Nantong city, Jiangsu Province, China, where the type strain was isolated).
Cells are Gram-stain-negative, aerobic, non-spore-forming, coccoid to small rods (1.3-1.5 µmÂ1.3-2.4 µm) and motile by gliding. Colonies on LB agar are pale, convex, circular and opaque with entire edges and 0.5-1.0 mm in diameter after incubation for 48 h at 30 C. Growth occurs at 20-42 C, but not at 15 C or 45 C. The optimal growth temperature is 30-37 C. The pH range for growth is pH 6.0-9.0 (optimum pH 7.0). Growth occurs with 0-2 % NaCl in LB medium, but is inhibited by the presence of 3 % (w/v) NaCl. Positive for catalase and oxidase. Voges-Proskauer, methyl red reaction, H 2 S production, nitrite reduction and D-glucose fermentation are negative. Aesculin, gelatin and starch are not glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase, a-fucosidase, arginine dihydrolase and urease. The major fatty acids (>10 % of total) are C 16:0 , C 16 : 1 !7c and/or iso-C 15 : 0 2-OH (summed feature 3), C 18 : 1 !7c and C 17 : 0 cyclo. The predominant ubiquinone is Q-8. The polar lipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, aminophospholipid, phospholipid and hydroxyphosphatidylethanolamine.
The type strain, X1
T (=KCTC 42909 T =LMG 29218 T ), was isolated from sludge collected from the vicinity of a pesticide manufacturer in Nantong, Jiangsu Province, China. The DNA G+C content of the type strain is 66.6 mol%.
